Background/objectives: Venous ulcers carry psychological and high financial burden for patients, causing depression, pain, and limitation of mobility. The study aimed to identify factors associated with an increased risk of venous ulceration in patients with varicose veins in Armenia. Methods: A case-control study design was utilized enrolling 80 patients in each group, who underwent varicose treatment surgery in two specialized surgical centers in Armenia during 2013-2014 years. Cases were patients with varicose veins and venous leg ulcers. Controls included patients with varicose veins but without venous leg ulcers. Data were collected using interviewer-administered telephone interviews and medical record abstraction. Multiple logistic regression analysis was used to identify the risk factors of venous ulceration. Results: There were more females than males in both groups (72.5% of cases and 85.0 % of controls). Cases were on average older than controls (53.9 vs. 39.2 years old, p 0.001). After adjusting for potential confounders, the estimated odds of developing venous ulcer was higher in patients with history of post thrombotic syndrome (odds ratio ¼ 14.90; 95% confidence interval: 3.95-56.19; p ¼ 0.001), with higher average sitting time (odds ratio ¼ 1.32 per hour of sitting time; 95% confidence interval: 1.08-1.61; p ¼ 0.006), those with reflux in deep veins (odds ratio ¼ 3.58; 95% confidence interval: 1.23-10.31; p ¼ 0.019) and history of leg injury (odds ratio ¼ 3.12; 95% confidence interval: 1.18-8.23; p ¼ 0.022). Regular exercise in form of walking (5 days per week) was found to be a protective factor from venous ulceration (odds ratio ¼ 0.26; 95% confidence interval: 0.08-0.90; p ¼ 0.034). Conclusion: We found that reflux in deep veins, history of leg injury, history of post thrombotic syndrome, and physical inactivity were significant risk factors for venous ulceration in patients with varicose veins, while regular physical exercise mitigated that risk. Future studies should investigate the relationships between the duration and type of regular exercise and the risk of venous ulceration to make more specific recommendations on preventing ulcer development.
Introduction
Varicose vein is a chronic disease expressed with heaviness, tiredness, burning, itching, swelling or pain in legs, and, in severe cases, skin color changes, ulceration, and bleeding. [1] [2] [3] The known risk factors for developing varicose veins include obesity, family history, age, gender, sedentary lifestyle and pregnancy. [4] [5] [6] [7] [8] [9] A major complication of varicose veins is venous ulcer, which accounts for 48-67% of all leg ulcers. [10] [11] [12] Based on the worldwide accepted CEAP classification (C-clinical manifestations, E-etiologic factors, A-anatomic distribution of disease, P-underlying pathophysiologic findings), patients with ulcers are in advanced stages of C5 or C6. 3 The prevalence of venous leg ulcers is different in various countries. In European countries, the prevalence of venous leg ulcers in general population varies between 0.2% and 1%. [13] [14] [15] [16] [17] In the US, 1.7% of seniors (65 years old or older) suffer from venous ulcers, while in Ireland, the prevalence of venous leg ulcers in the same age group is 0.12%, reaching 1.2% in those 70 years old or older. 18 The risk factors for venous ulceration, as estimated in different studies, include reflux in deep, superficial and perforator veins, venous obstruction, history of deep vein thrombosis, previous leg injury, phlebitis, obesity, smoking, emphysema, and family history of leg ulcers. 13, [19] [20] [21] [22] [23] [24] The psychological (e.g., depression, reduced quality of life) and financial burden of patients with chronic venous ulcers is high. [25] [26] [27] For example, patients' health-related quality of life decreases with increasing severity of disease as measured by the CEAP classification. 28 Annually, venous ulcers result in 2 million lost working days in the US. 18 Data regarding the prevalence and risk factors for developing venous ulcerations among patients with varicose veins are lacking both in Armenia, postSoviet states, and the region. In this study, we aimed to characterize the patients with varicose venous disease in Armenia and identify factors associated with an increased risk of ulceration. We hypothesized that venous reflux in deep veins, history of leg injury, post thrombotic syndrome (PTS) and physical inactivity (increased average sitting time per day) would be strongly positively associated with venous ulceration. We also aimed to assess whether family history modifies the relationship between regular exercise and venous ulceration in adult patients with varicose veins in Armenia.
Methods

Study design
A case-control study was conducted to address the research questions. Study population included patients with varicose veins who were surgically treated in the two largest, specialized tertiary clinics during 2013-2014 years in Yerevan, Armenia: Medical Center after Vladimir Avagyan and the Institute of Surgery after Alexander Mikaelyan. The study protocol has been reviewed and approved by the Institutional Review Board within the School of Public Health at the American University of Armenia (PROTOCOL #: AUA-2014-033). In addition, we sought hospital board approvals to access medical records of patients treated in 2013-2014 years in the vascular surgery departments of both medical centers. Patients' contact information (names and telephone numbers) was abstracted from their medical records. Patients were then contacted by phone to obtain oral consent for a phone interview and for accessing their medical records.
Definition of cases and controls
Cases included patients who were 18 years old or older, had varicose veins and active or healed venous leg ulcers (stages C5 or C6 based on CEAP classification), and have undergone surgery for venous ulcer treatment in the two selected surgical centers during 2013-2014 years. Controls were 18 years old or older, had varicose veins without ulceration (CEAP stages C1-C4), and had surgery for varicose veins in the same centers during the same time period. Types of surgeries included vein stripping and ligation, mini-phlebectomy, sclerotherapy, endovenous laser coagulation, or some combination of those.
Exclusion criteria for both cases and controls included any other conditions that could also lead to ulcers in lower limbs including heart failure, peripheral artery disease (potentially causing arterial ulcers), diabetes (potentially causing neuropathic/ischemic ulcers), pressure ulcers, and malignant or inflammatory ulcers. Patients were excluded first by a preliminary screen of the medical records and then based on the answers to the screening questions during the telephone interview. Patients (both cases and controls) with missing contact information and those not speaking Armenian were also excluded from the study.
Sampling strategy
All patients with chronic venous disease who met the inclusion criteria at the selected clinics constituted the sampling frame. For cases, we first selected all patients with stages C5-C6 from 2014 and then consecutively selected the remaining cases from 2013 at random (until we met the required sample size). Controls were selected using systematic random sampling from the total pool of patients with stages C1-C4 in 2014 and 2013.
Sample size
We calculated the sample size to achieve at least 80% power for detecting an odds ratio (OR) of venous ulceration associated with the most common risk factor at 0.05 level of significance. 29 From prior literature, 5, 30, 31 we found that the prevalence ranges from 30% to 50% and the OR estimates are between 1.5 and 3.5 for various venous ulceration risk factors. Given these estimates, we computed the sample size for a risk factor prevalence of 30% and OR of 2.5 to be conservative and to accommodate most common predictors (venous reflux in deep veins, history of leg injury, PTS, and physical inactivity) of ulceration in our research hypothesis. Assuming equal number of cases and controls, the calculated sample size was 80 in each group. Based on previous studies that employed telephone interviews in Armenia, we conservatively estimated a response rate of 80% for both cases and controls. Therefore, we inflated the required sample to 96 cases and 96 controls to account for potential non-response.
Study instrument
The study data collection included two instruments: a questionnaire for the interviewer-administered telephone interviews and a medical record abstraction form. The interview instrument was developed using validated questionnaires. [32] [33] [34] Overall, the structured data collection tool included the following main domains: demographics, medical history (e.g., presence of reflux, PTS, edema, obstruction, hypertension, chronic obstruction pulmonary disease), work history, history of leg injury, family history (heredity), and lifestyle (physical inactivity/sedentary lifestyle, regular exercise, alcohol consumption, smoking status). As standard of care, all patients underwent ultrasound before the surgery. The information on presence of reflux was extracted from the ultrasound examination results in which the established reflux threshold for abnormal deep venous system was 0.5 s. The information on PTS was also extracted from the documented results of the ultrasound examination. Before the main data collection, the questionnaire was pre-tested by conducting telephone interviews with two cases and two controls who underwent surgery in 2013-2014 years (data not presented).
Statistical analysis
Double entry and data cleaning were carried out using SPPS 17 statistical software package (SPSS Inc. Categorical data were summarized as percentages and frequencies, and continuous data were presented as means and standard deviations (SDs) for normally distributed data, and medians and interquartile ranges (IQRs) for skewed data. Patient characteristics were compared between cases and controls using t-test (for continues variables), and Fisher's exact test or Chi-square test (for categorical variables).
Simple logistic regression analysis was used to test for confounders as well as for the associations between the outcome and each independent variable of interest. Multiple logistic regression models were fit to estimate the odds of venous ulceration for each main predictor, controlling for potential confounders. Potential interactions were tested to assess effect modification by (a) regular exercise (physical activity level) and family history of varicose veins and (b) regular exercise and family history of PTS. All analyses were performed at 0.05 level of statistical significance.
As per study design, we included C1 and C4 stage patients in the control group. However, C1 stage might not be considered as truly varicose veins, and C4 stage could be considered as a predisposing factor for ulceration. We, therefore, tested the effect of inclusion of these patients in the control group by repeating the main analyses without C1 and C4 patients.
Results
Response rate
In total, we have obtained the names and contact details of 192 patients from the two centers. The study team could not reach 29 patients (17 cases and 12 controls) due to various reasons (e.g., wrong phone number, absence of a telephone number). Of the remaining 163 patients, one potential control refused to participate because of poor health, 80 case and 80 control patients agreed to participate, and two were not contacted as the study reached the desired sample size. More cases than controls reported history of lower limb edema, physically hard work before surgery, history of hypertension and history of abdominal tumor (e.g., myoma). Cases and controls were also significantly different with respect to regular exercise, reflux in deep veins, history of PTS, average sitting time per day, and history of leg injury (Table 1) . Supplementary Tables 2a, 2b , 2c). The tested interaction terms between (a) regular exercise and family history of varicose veins and (b) regular exercise and family history of PTS were not statistically significant (data not shown).
Descriptive statistics
Simple logistic regression analysis
Multiple logistic regression analysis
Multiple logistic regression models were fit to estimate the adjusted odds of venous ulceration for the main risk factors controlling for age, BMI, hypertension, physically demanding work, history of abdominal tumor, inflammation of joints, and history of edema ( lower) compared to those not exercising regularly before the surgery. In the adjusted analysis, the study team also looked at the duration of the regular exercise, to find out the safe duration level of doing regular exercise by creating linear splines, but there was no enough data and variability to look at change in linear slopes. Among controls, there was one patient at C1 stage and nine patients at C4 stage. We repeated the multiple logistic regression analysis after excluding these 10 control patients from the sample, and found that the results were not appreciably different both in the magnitude and direction from the original analyses results (data not shown).
Discussion
The present study investigated the characteristics of patients with venous disease, the risk factors associated with an increased risk of venous ulceration as well as factors that potentially modify the relationship between family history and ulceration among adult varicose veins patients in Armenia. A case-control study design was utilized, as the most appropriate design to investigate several risk factors. We found that PTS, the history of leg injury, reflux in deep veins and average daily sitting time were significant risk factors of venous ulceration, after controlling for potential confounders. We took a detailed approach in the evaluation of the effect of physical activity levels on the risk of venous ulceration, and asked questions regarding patients' daily regular exercise time, sitting time, standing time, and type and duration of their work. We found that patients with venous ulcers had on average 1.3 hours more daily sitting time than those without ulcers, a factor that increased the risk of ulceration by 32% per every hour (95% CI 1.08-1.61), after controlling for age. To our knowledge, no other studies investigated sitting time as a risk factor. Regular exercise (walking) 5 days per week was found to be a protective factor from venous ulceration decreasing the odds by estimated 74%. In contrast, a similar case-control study conducted in the UK did not find physical exercise levels as a significant protective factor for venous ulceration, both when considering the full sample and the sample restricted to 35-to 45-year-old patients. 13 Authors categorized the physical exercise into four levels that ranged from ''nil'' to ''strenuous.'' 13 Another US case-control study with 93 cases with venous ulcers, 129 controls with varicose veins, and 113 healthy controls without varicose disease reported that the proportion of patients who exercised 2 per week was 28%, 63%, and 40% in these respective groups (unadjusted OR ¼ 0.23 or 77% lower odds of venous ulceration if comparing patients with varicose veins with and without ulceration). 19 A cross-sectional study in Serbia among 278 patients with venous ulceration and 1401 patients with varicose veins but without venous ulceration also reported statistically significant difference in proportion reporting doing regular exercise (35% vs. 15%, p < 0.001). 20 However, the exact definition of regular exercise was not reported here. 20 Future studies should be more consistent in defining, measuring, and reporting physical exercise levels in this population to allow meaningful comparisons.
In our study, PTS was another significant risk factor for developing venous ulcer in varicose veins patients increasing the odds by almost 15 times. Notably, while PTS is a severe complication of deep vein thrombosis, other studies did not look at PTS as a risk factor, and only reported the deep vein thrombosis as a significant risk factor for venous ulceration, with ORs varying from 2.92 to 17.6. 13,20-22 We have chosen to evaluate the PTS as a risk factor because in our study the deep vein thrombosis was self-reported, and we were not sure if patients could accurately define it. The history of PTS in our study was obtained from patients' medical records as recorded by the physicians. The finding regarding PTS as a risk factor should be confirmed in future similar studies.
Clinical studies identified the presence of reflux in deep venous system as an important contributing risk factor for developing venous ulceration. 23, 24 In our study, having reflux in deep veins increased the odds of venous ulceration by 3.58 times, after controlling for confounders. This value was within the range of values reported by other studies. In one study, for example, the OR of ulceration in patients with and without reflux in deep veins was 3.43 (95% CI: 1.85-6.35) 13 and in another 8.29 (95% CI: 4.60-14.95). 20 The history of leg injury was another identified risk factor for developing venous ulcer in our study A potential limitation of the study was the fact that our interviewer was aware of the participant's case and control status which might lead to a potential interviewer bias in which the process of assessing the exposures is not independent from the case-control status. Another limitation is the retrospective nature of the case-control study design that has limited accuracy in establishing if the risk factors were developed before the venous ulceration. This design however helps to identify several risk factors that could be tested in future prospective studies.
Although the majority of the potential risk factors investigated in this study were abstracted from patients' medical records (and were, therefore, physicianestablished factors), some of the factors were based on patient self-report (e.g., history of deep vein thrombosis, knowledge on family history of superficial and deep vein thrombosis), which could have introduced some potential bias. To increase the consistency in data collection all phone interviews and medical record reviews were done by the same person. Furthermore, controls were selected by systematic random selection so they had equal chances to be selected. In addition, cases and controls were selected from the same hospitals to ensure they were coming from the same base population, and the groups were comparable. Another strength of the study was the use of validated questionnaires for patient surveys. Finally, to minimize the recall bias, we attempted to collect as much information from medical records on possible risk factors as possible instead of relying solely on patient recalls. For the same purpose, we selected more cases from 2014 than from 2013.
Conclusion
To our knowledge this was the first case-control study investigating the risk factors of venous ulceration in adult Armenian population. Our findings were largely consistent with similar studies conducted in other countries in the past. We found that reflux in deep veins, history of leg injury, history of PTS, and physical inactivity (average sitting time) are risk factors for venous ulceration in patients with varicose veins. We also found that regular exercise protects patients with varicose veins from developing venous ulcers. Future studies should investigate the relationships between the duration and type of regular exercise and the risk of venous ulceration to make more specific recommendations on preventing ulcer development.
Encouraging patients to stay physically active and limiting sitting time might also reduce the likelihood of venous ulceration, especially in the high-risk population.
